MDD is diagnosed clinically based on assessment by healthcare providers familiar with diagnostic criteria for MDD. The criteria for MDD in the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition (DSM-5) require the presence of a single or recurrent major depressive episode (American Psychiatric Association 2013). A major depressive episode consists of five or more symptoms of depression over a two-week period that represents a change from a previous level of functioning. One of the symptoms for a major depressive episode must be either depressed mood (either reported by the patient or observed by others) or loss of interest or enjoyment in most activities (either reported by the patient or others). Along with at least one of these two symptoms, a total of four other symptoms must be present including a significant change in weight or appetite, insomnia or hypersomnia, psychomotor agitation or retardation, fatigue, feelings or worthlessness or guilt, difficulties with concentration, and recurrent thoughts of death or suicide. The symptoms of MDD must result in significant distress or difficulties in interpersonal or role functioning. These symptoms cannot be directly caused by a general medical condition or be caused by substances. The major depressive episode in MDD cannot occur as a part of another condition such as bipolar disorder or schizoaffective disorder, which can also have major depressive episodes. MDD can be further described in terms of its severity (mild, moderate, or severe) based on the number and severity of symptoms and resulting distress or dysfunction. MDD can also be specified as having the presence or absence of psychotic features, along with other specifiers for additional symptoms which may be present in the course of MDD such as anxiety or catatonia. The diagnosis of MDD in earlier versions of the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (Text Revision) (DSM-IV-TR) are similar to those provided in the DSM-5 (American Psychiatric Association 2000), as are other criteria for MDD such as the International Classification of Diseases (ICD) (World Health Organization 1992). Specific criteria for the diagnosis of DpD have also been proposed (Olin 2002). These are similar to the criteria for MDD in populations without dementia except that only three symptoms of a major depressive episode are required (instead of five symptoms), with one of the symptoms being either depressed mood or loss of enjoyment in activities. Depressed mood or loss of enjoyment in activities can be identified either through patient report or caregiver or clinician observation of the patient. DpD can be diagnosed using either generic MDD criteria or criteria specific for DpD. 
Index test(s)

Clinical pathway
Depression can be difficult to identify in individuals with dementia, as they may not be able to communicate symptoms and because symptoms of dementia, such as apathy, can mimic depression. As a result, DpD can be both underdiagnosed (that is false negatives), Volicer 2011, and overdiagnosed (that is false positives), Starkstein 2005, in clinical settings. The majority of individuals with dementia will first be assessed by primary care providers such as nurses or family physicians. People with dementia may present for evaluation of potential depression with symptoms such as a reported decrease in mood or loss of enjoyment in activities, or with non-specific changes in sleep or appetite. Individuals with milder severity of dementia may be able to self report symptoms of depression similar to individuals without dementia. However, individuals with more advanced dementia may not be able to report these symptoms, and assessments incorporating clinician and caregiver observations may be required to identify depression in this population. In both community and long-term care settings, depression rating scales may be used by primary care providers or non-mental health clinicians to screen for DpD. Those individuals who screen positive for possible DpD on these rating scales may then go on to have further evaluation either by primary care providers or be referred to specialists such as psychologists or psychiatrists for further evaluation and confirmation of the diagnosis.
The reference standard for the diagnosis of DpD is clinical examination and diagnosis by geriatric psychiatrists or psychologists using standardized diagnostic clinical criteria (American Psychiatric Association 2000; Olin 2002). In some settings, screening positive on a depression rating scale may be used to initiate a referral to mental health specialists, or primary care providers may decide to initiate non-pharmacological or pharmacological treatment for DpD based on the results of the depression rating scale and clinical evaluation without referral to other services.
Alternative test(s)
Diagnosis of depression in dementia and other contexts relies on clinical evaluation, and to date no validated alternative tests exist.
Rationale
There are gaps in the current knowledge base on practical strategies for the diagnosis of DpD in routine clinical settings. The optimal cut-points for diagnosing DpD on various depression rating scales have not been consistently defined, and the comparative accuracy of these different rating scales has not been described. In addition, the impact of factors such as patient characteristics, reference standard used, setting (community/primary care, long-term care, tertiary care), type and severity of dementia, and methods of scale administration on the accuracy of depression scales remains unclear. To date, there are no published reviews on the accuracy of depression rating scales for the diagnosis of DpD. Our search of the PROSPERO registry and correspondence with the Cochrane Dementia and Cognitive Improvement Group have not identified any registered titles or protocols on this topic. To our knowledge, our review will be the first to answer these important questions regarding the accuracy of depression rating scales for diagnosing DpD.
O B J E C T I V E S
To identify the accuracy of depression rating scales as screening tools for detecting DpD and compare the diagnostic accuracy of different depression rating scales for detecting MDD among adults with Alzheimer's disease and related forms of dementia.
Secondary objectives
To examine factors that may impact on the accuracy of depression rating scales that are used to diagnose depression. We will examine the reference standard used for verification of DpD, baseline prevalence of DpD in the study population, age of the underlying study population, gender of participants, type of dementia (anycause dementia versus Alzheimer's disease), study setting (community or primary care setting, long-term care, tertiary care setting), and study country as potential sources of heterogeneity. We will also evaluate the effects of using different cut-points of individual depression rating scales on the diagnostic accuracy of the scales.
M E T H O D S Criteria for considering studies for this review Types of studies
We will follow general recommendations for the completion of diagnostic test accuracy reviews (Cochrane 2013; Davis 2013). We will focus our review on studies that assess all participants in the study sample with both the index tests and reference standards for DpD. We will include cross-sectional studies using any depression rating scale in undifferentiated study populations diagnosed with dementia.
Participants
Participants are individuals with a diagnosis of dementia using standardized diagnostic criteria (for example DSM-IV-TR (American Psychiatric Association 2000), DSM-5 (American Psychiatric Association 2013), ICD 9 or 10 (World Health Organization 1992), or National Institute of Neurological Disorders and Stroke -Alzheimer's Disease and Related Disorders Association for Alzheimer's disease (McKhann 1984) ). We will include studies of participants with dementia due to Alzheimer's disease, vascular dementia (Roman 1993), mixed vascular and Alzheimer's disease dementia, and dementia with Lewy bodies (McKeith 2005) , as these are the most common forms of dementia and there is significant overlap in pathology between these types of dementia (Jellinger 2006). We will exclude less common forms of dementias, such as Parkinson's disease dementia, frontotemporal dementia, progressive supranuclear palsy, multiple system atrophy, or dementia due to general medical conditions such as HIV or Huntington's disease. In clinical practice, depression rating scales may be used to diagnose DpD or as a screening tool to identify individuals who if screened positive on the index test would go on for further evaluation and confirmation of DpD using the reference standard. We will exclude studies that only conducted the reference standard on the subgroup of the study population that screened positive for DpD on the index tests.
Index tests
The index tests are depression rating scales, including self report or interviewer-based scales, which have been used to diagnose DpD. We will not a priori restrict our review to any specific scales. Preliminary literature searches have identified several scales which have been used to diagnose DpD, including several generic depression rating scales (for example Hamilton Depression Rating Scale 
Target conditions
Diagnostic criteria for major depressive disorder require the presence of either a depressed mood or a decreased interest in activities for the majority of a two-week time period. Along with at least one of these core symptoms, individuals must also experience at least four additional symptoms including: changes in sleep, psychomotor activities, appetite changes, feelings of guilt or worthlessness, difficulties with concentration, decreased energy, or thoughts of suicide or death. The individual must experience significant distress or dysfunction, and these symptoms must not be better accounted for by the effects of a substance or a medical condition.
Reference standards
Major depressive disorder is a clinical diagnosis. The reference standard for the diagnosis of DpD includes several depression diagnostic criteria administered by a mental health professional. The most commonly used depression diagnostic criteria are those contained in the DSM. The criteria used in the various iterations of DSM (for example III, IV-TR, 5) are relatively similar. These diagnostic criteria for major depressive disorder can be used for individuals with and without underlying dementia, and their interrater reliability is moderate to high (Brown 2001; Keller 1995; Regier 1994; Spitzer 1979). Specific criteria for the diagnosis of DpD have also been developed (Olin 2002). These criteria are similar to the DSM-IV diagnostic criteria except that the core criteria of a sad or depressed mood or reported lack of enjoyment can be based on observations of the patient and fewer associated symptoms are required (three total symptoms instead of five) (Olin 2002). Other depression diagnostic criteria, including the ICD 9 or 10, are similar to those of the DSM.
Search methods for identification of studies Electronic searches
We will search MEDLINE (Ovid SP), EMBASE (Ovid SP), CINAHL (EBSCOhost), LILACS (BIREME), BIOSIS Previews (Thomson Reuters Web of Science) and Web of Science Core Collection, including Conference Proceedings Citation Index (Thomson Reuters Web of Science). See Appendix 2 for a proposed MED-LINE search strategy plus an additional narrative on the search strategy and process. We will apply no restrictions based on language of publication, and potentially elgiible studies in languages other than English will be translated.
The information specialist for the Cochrane Dementia and Cognitive Improvement Group (Anna Noel-Storr) will perform the initial searches.
Searching other resources
We will search the reference lists of relevant studies and reviews to identify potentially relevant studies that may have been missed by the electronic searches (Greenhalgh 2005; Horsely 2011). We will use the related articles feature in electronic databases to identify relevant studies. We will contact authors of included studies for unpublished data that may be included in the analysis and to identify unpublished study reports. We will not perform handsearching, as there is little published evidence of the benefits of handsearching for reports of diagnostic test accuracy studies (Beynon 2013; Whiting 2011b).
Data collection and analysis
Selection of studies
The inclusion criteria for studies in this review are the following.
1. Study population with a diagnosis of dementia using standardized criteria (e. 3. Studies that report depressive disorders other than major depression.
4. Studies where participants have cognitive impairment that does not meet the criteria for dementia.
Data extraction and management
Two review authors will independently extract information from studies meeting the inclusion criteria. We will pilot, refine, and then use a data extraction form (Appendix 3) to record information from each included study. We will extract the following data.
1. Study design and setting. 2. Characteristics of the study population such as median/ mean age and range, sex, place of residence of participants, educational status, cognitive testing (e.g. Mini Mental State Exam score (Folstein 1975)), criteria used for diagnosis of dementia, type of dementia (e.g. Alzheimer's disease or all-cause dementia), severity of underlying dementia (e.g. Clinical Dementia Rating Scale, Hughes 1982, or Global Deterioration Scale, Reisberg 1982, scores), prior history of depression and other mental disorders.
3. Prevalence of DpD. 4. Depression rating scales along with the characteristics of individuals administering each scale. We will also record the cutpoints used to identify participants as having a positive result for DpD.
5. Reference standard criteria for the diagnosis of DpD along with characteristics of the individuals administering the reference standard.
6. Number of true positives, true negatives, false positives, and false negatives or summary statistics that will enable their derivation. We will use these values to create 2x2 tables for each rating scale and enter the data into Review Manager version 5.3 (Review Manager 2014).
Assessment of methodological quality
We will assess the quality of studies using the QUADAS-2 tool, which is recommended by The Cochrane Collaboration for appraising the methodological quality of diagnostic accuracy studies (Whiting 2011a). The QUADAS-2 tool assesses risk of bias in four domains: patient selection, index test, reference standard, and participant flow and timing. Each domain is rated as being at high, low, or unclear risk of bias based on responses to a series of signalling questions. In addition to risk of bias, the tool also considers issues of applicability related to patient selection, index test, and reference standard. We have tailored the tool to our review question and developed guidance on how to assess each signalling question as shown in Appendix 4. We will summarize results of the quality assessment in tables or figures or both. We will consider the quality of the evidence when interpreting the findings of the review and drawing conclusions.
Statistical analysis and data synthesis
We will analyse studies separately based on study setting: community or primary care; long-term care or nursing homes; or tertiary care. We will also separately analyze studies that used generic diagnostic criteria for MDD and those that used reference standard criteria that are specific to DpD (Olin 2002). We will create coupled forest plots of sensitivity and specificity for each rating scale at one or more cut-points. Study-specific estimates of sensitivity and specificity will also be plotted in receiver operating characteristic (ROC) space. We will use these plots for preliminary investigations of the data and to visually explore heterogeneity. For each scale, if most studies report common cut-points, we will perform meta-analysis by using the bivariate model to estimate summary points (Chu 2006; Reitsma 2005) . Alternatively, if studies report different cut-points, we will use the hierarchical summary ROC (HSROC) model to estimate SROC curves (Rutter 2001). Since sensitivity and specificty are useful summary measures for interpreting the consequences of test errors (false negatives and false positives), we will quantify test performance from a SROC curve by estimating sensitivity at points on the curve that correspond to the lower quartile, median and upper quartile of the specificities observed in the studies included in the meta-analysis. If a study provides 2x2 tables for more than one cut-point, one table will be selected at random for the HSROC analysis. However, if several studies report data at several cut-points, we will consider using methods that allow for such data (Dukic 2003; Hamza 2009; Riley 2015) . Given the complexity of hierarchical models, where few studies are available we will simplify the models by removing model parameters as has been recommended (Takwoingi 2015). To formally compare the accuracy of the scales, we will add a covariate indicating test type to a hierarchical model (bivariate or HSROC model) to assess differences in the accuracy of the scales. We will assess the statistical significance of differences in test performance using likelihood ratio tests to compare models with and without the covariate terms. As comparative studies that directly compare test accuracy are not often available (Takwoingi 2013), we plan to perform both indirect (include all available studies) and direct test comparisons. Direct comparisons will be performed as pairwise comparisons of studies that have compared two scales head-to-head in the same study population. We will use the NLMIXED procedure in the SAS software (version 9.4; SAS Institute, Cary, NC, USA) to fit HSROC models or the meqrlogit command in Stata 14 (StataCorp, College Station, TX, USA) to fit bivariate models.
Investigations of heterogeneity
We will perform investigations of heterogeneity using visual examination of forest plots and summary ROC plots in the first instance. Where there is sufficient data, we will perform meta-regression by including each factor specified in our secondary objectives as a covariate in a hierarchical model to determine its effect on test accuracy.
Sensitivity analyses
We will repeat the primary meta-analyses excluding studies judged as having a high risk of bias on the QUADAS-2 assessment for the index test and reference standard domains.
Assessment of reporting bias
Little is known about the determinants and extent of publication bias for test accuracy studies. Traditionally used methods for assessing publication bias are not recommended for test accuracy reviews. The most suitable approach for test accuracy reviews has low power when there is heterogeneity (Deeks 2005). Since heterogeneity is expected in test accuracy reviews and is likely in this review, we will not assess publication bias using any of the tests of funnel plot asymmetry (Deeks 2005; van Enst 2014).
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